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I have been so busy t r y i n g  t o  w r i t e  up t h e  c r y s t a l  s t r u c t u r e  work 
tha t  I have neglec ted  every th ing  e lse ,  inc luding  r ep ly ing  t o  your l e t t e r s .  
I had hoped t o  have a first d r a f t  of t h e  paper ( for  Nature) ready f o r  
John Finch t o  show you a t  Cold Spring Harbor. A l l  t h e  first p a r t  is 
w r i t t e n ,  but t h e  d iscuss ion  is  s t i l l  incomplete. I intended t o  f i n i s h  
off w i t h  t h e  harder p a r t s  of my memo of 19 May, which I now realise you 
may not  have received before  you l e f t  La J o l l a .  Some f u r t h e r  thoughts  
are included i n  an addendum of 30 May, copy herewith.  I would be g lad  
t o  have your views a s  t o  how much should be put  into the d i scuss ion ,  

I th ink  t h e  i n t e r p r e t a t i o n  of Len's c u t t i n g  p a t t e r n  should go i n ,  
. but  what about going on t o  d i s c u s s  t h e  l inkage  number i n  the  l i g h t  of  

1% t u r n s  pe r  nucleosome par t ic le .  
and on t h e  p a r t i c l e  nus t  be d i f f e r e n t .  

This  impl ies  t h a t  the screw i n  s o l u t i o n  

In rep ly  t o  t he  ques t ion  of yours on t h i s  l a s t  p o i n t ,  I know of no 
evidence which could d isprove  t h e  s ta tement  t h a t  the  number of bases 
p e r  t u r n  i n  s o l u t i o n  is  104.  I have discussed the  whole matter w i t h  
Michael and he  may have w r i t t e n  t o  you about t h i s .  B r i e f l y ,  Bram has 
always maintained t h a t  t h e  12 2 peak i n  s o l u t i o n  is a t  a d i f f e r e n t  spacing 
from tha t  i n  t h e  f i b r e  p i c t u r e s ,  and t h i s  i s  borne out  by S teve  f iarr ison 
who h a s  repeated these measurements and s i m i l a r  r e s u l t s  can a l s o  be found 
i n  t h e  paper by Maniat is  and LerInan on $DNA. The d i f f i c u l t y  here, 
however, i s  t h a t  t h e  change of peak p o s i t i o n  might ref lect  something 
about c a t i o n  d i s t r i b u t i o n  and hydra t ion  s i n c e  i t  i s  a t  such l o w  r e s o l u t i o n .  
I personal ly  b e l i e v e  Michael's exp lana t ion ,  and w e  are th ink ing  of  
inc luding  i t  i n  some d i scuss ion  about t h e  l inkage  problem i n  the  paper, 
and make Michael a co-author. It seems t o  m e  t h a t  t h e  paper is a good 
oppor tuni ty  t o  publ i sh  very b r i e f l y  some of t h e  consequences of t h e  model 
which would t ake  a long t i m e  t o  w r i t e  up and exp la in  f u l l y .  The f u l l  
papers  by Len and Michael w i l l  appear i n  due 'course,  bu t  I t h i n k  we 
ought t o  g e t  the ideas  out  now. 

The l a s t  parsrgraph answers your le t ter  of 29 A p r i l ,  

Now t o  r e p l y  t o  your l e t te rs  of 27 Apr i l .  

L e t t e r  1 

Much of t h i s  doesn ' t  need a r e p l y  i n  view of .the Four i e r  syntheses  
l a t e r  s e n t  you. We be l i eve  t h a t  the c l ipped  core  p a r t i c l e s  a r e  n o t  very 
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d i f f e r e n t  from the i n t a c t  because of:-  

1. The sediment  a t  i o n  value S 
2 .  The D N a s e  I P a t t e r n s  
3. Close correspondence i n  c r y s t a l  s t r u c t u r e .  

T t h i r k  vmi +on+ +n 1"7bn to? m ? ? c h  of t h e  Stokcs '  diameter. 
A va lue  of 105 x would f i x  t h e  t h i r d  dimension of 110 x 100 8 a t  about 
80, but  we know the answer i s  572. I t h e r e f o r e  d i scoun t  i t  f o r  t h e  
a d d i t i o n a l  very good reason t h a t  i f  one fol lows through the same 
nydrodynamic d a t a  one a r r i v p  B t  p axial r a t i o  of  1 2 : l  (Olins  e t  a1 ab e Nucleic  Acids  Res-.Dec.1976 
able t o  d i s t i n g u i s h  between hydra t ion  and f r i c t i o n a l  e f f e c t s .  

- _. 9 

S o ' i t  i s  t h e  o l d  s t o r y  of  no t  being 

W e  don ' t  d e s p a i r  of s o l v i n g  the  s t r u c t u r e  by isomorphous replacement,  
b u t  it is abso lu te ly  necessary  when d e a l i n g  w i t h  these l a r g e  asymmetric 
u n i t s  t o  so lve  t h e  packing f i r s t  so  t h a t  t h e  d i f f e r e n c e  P a t t e r s o n s  of 
t h e  heavy atom d e r i v a t i v e s  can be more e a s i l y  i n t e r p r e t e d .  (This is 
what w e  d i d  f o r  the TMV p r o t e i n  d i s k . )  However, I f e e l  t h a t  u n t i l  t h e  
c r y s t a l s  g e t  l a r g e r  and/or one produces a smaller u n i t  c e l l ,  i t  might 
be b e t t e r  t o  proceed t o  e x p l o i t  t h e  p re sen t  c r y s t a l s ,  e .g .  by s t a i n i n g  
t h e  DNA w i t h  u ranyl  o r  t r y i n g  to match o u t  the  p r o t e i n  w i t h  sucrose ,  etc.  
None of t h i s  w i l l  t e l l  u s  about k inking  versus  bending: f o r  t h a t  w e  
must g e t  h igher  r e s o l u t i o n .  I am hopeful  t h a t  w e  w i l l .  

About t he  Zachau r e c o n s t i t u t e d  material. I d i d  w r i t e  t o  you 
earlier about Jean  Thomas' experiment i n  t h i s  d i r e c t i o n ,  and mentioned 
t h a t  John Finch ' s  e . m .  p i c t u r e s  showe be Asame c u r l y - c o i l y  appearance as 
t h e  ord inary  nucleofi laments .  I agree  w i t h  you t h a t  t h i s  i s  h igh  on 
t h e  p r i o r i t i e s  when it comes t o  th ink ing  about h ighe r  o r d e r  s t r u c t u r e s  
and t h a t  i s  why I have been urg ing  Jean t o  go on w i t h  t h i s .  I th ink  
we w i l l  t r y  t o  draw f i b r e s  of t h e  material. 

Thank you a l s o  f o r  t h e  copies  of your let ters t o  Keller and t o  
Worcel. They are a l l  very much t o  t he  po in t .  I j u s t  d o n ' t  t h ink  t h a t  

. K e l l e r ' s  r e s u l t s  compel one t o  one t u r n  pe r  nucleosome s i n c e  w e  don ' t  
know how H 1  i n t e r a c t s  w i th  DNA. Presumably you w i l l  have seen an . earlier paper by Renz which t a l k s  about coopera t ive  b ind ing  of H 1  t o  
DNA under appropr ia te  sa l t  cond i t ions ,  and the earlier papers  by 
Maxine Singer  t h a t  t he  b inding  is dependent on the s u p e r h e l i c i t y .  
A4out Worcel, I have t h e  same d i f f i c u l t y  as you i n  t r y i n g  t o  understand 
-h-is language but one c a n ' t  expect i t  t o  be couched i n  t h e  language of 
,coiled c o i l s  and the l i k e .  These are t h i n g s  I l e a r n t  a t  your knee,  so 
$9 speak,  and I don ' t  thinkabiochemistwouldstruggle w i t h  t h e  a lpha 
k e r a t i n  papers .  I t  seems, however, tha t  o t h e r  people do understand 

, w h a t  Worcel is t r y i n g  t o  s a y ,  and i t  would be  a hopeless  j ob  t o  t r y  
and rewrite h i s  manuscript .  Doubtless you w i l l  express  t h e  whole t h i n g  
succ inc t ly  a t  some po in t .  However I must say I have doubts about i t s  
co r rec tness .  My f e e l i n g  now is t h a t  t h e  nucleosome core p a r t i c l e  is 
a d i s t i n c t  e n t i t y  and t h a t  t he  l i n k e r  region need n o t  a t  a l l  cont inue 1 

w i t h  the  same curva ture  as the  core  p a r t i c l e .  A s  I wrote  i n  an e a r l i e r  
l e t t e r ,  it: m y  be t h a t  the l i n k e r ,  which i s  now poss ib ly  only 40 base 
p a i r s  i n  r a t  chromatin,plus H 1 ,  might be there t o  provide t h e  necessary 
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which behave l i k e  d i s t i n c t  i 
a r t i c u l a t i o n  between t h e  nucleosome c o r e s p a c k e t s .  If s o ,  there i s  no 
reason t o  p o s t u l a t e  a continuous d i s t r i b u t i o n  of equal  cu rva tu re  on 
t h e  DNA. 

1 
i 
~ 

J, 

L e t t e r  2 I 

Thanks for ~ 1 1  vour noints ahniit h f s t o n e  n p c k i n y .  M v  diR";r?,TnS verc 
intended only t o  be v e r y  schematic ,  and indeed  I have considered h i s tone  
packing models i n  3 - D .  Michael L e v i t t  has done q u i t e  a number of more 
p r e c i s e  c a l c u l a t i o n s  us ing  volumes of t he  h i s t o n e s  but  t h e  t r o u b l e  i s  
t h e r e  are j u s t  t oo  many p o s s i b i l i t i e s .  I was mys t i f i ed  by your comments 
a t  t h e  bottom of page 2 and t o p  of page 3. I cou ldn ' t  see how one 
could th ink  otherwise than  t h a t  t h e  p a r t i c l e s  could g e t  closer by 
adopting an approximately h e l i c a l  packing. I assume t h a t  you t h e r e f o r e  
mean t h a t  t h e  ''1~'' t u r n  s t r u c t u r e s  pack a s  they would i f  they  w e r e  
complete t w o  t u r n  s t r u c t u r e s  forming a continuous h e l i x ,  

Your p o i n t  about t h e  c r o s s l i n k i n g  i s  w e l l  t aken ,  and I have w r i t t e n  
something i n  my memo of 19 May about t h i s .  

We haven ' t  t r i e d  us ing  Roger's method of trimming s i n c e  w e  have 
been s t r u g g l i n g  f o r  months w i t h  t h e  p r o t e o l y s i s ,  but  you are r i g h t  that  
such t reatment  might produce rather more homogeneous p a r t i c l e s .  
Roger had sa id  he was going t o  send u s  t h e  exac t  de t a i l s  but  he d i d n ' t ,  
except f o r  t h e  Royal Socie ty  manuscript .  I am asking John Finch t o  
check with him. 

Thank you a l s o  f o r  t h e  copy of your l e t te r  t o  Renz. Indeed he had 
s e n t  us copies  of both papers and I have discussed t h e s e  wi th  John and 
Linda. The re  i s  a d i s t i n c t  d i f f e r e n c e  i n  r e s u l t s  on t h e  nuc leof i laments  
here .  I n  Cambridge, when nucleofi laments  a r e  prepared by l y s i n g  n u c l e i  
i n t o  0 .2  mM EDTA o r  indeed d i a l y s i n g  i n t o  the  same s o l u t i o n ,  t h e  f i l amen t s  
are cur ly-co i ly  and, Sometimesthe o ' l i n g  is s e t i m e s  seve re  enough t o  
give  t h e  impression of 2002 f i b r e s  On t h e  
other hand, i n  Tubingen, they see beads (c f .  F igure  5b of the PNAS paper 
and Figure I d  of the Hozier manuscr ipt) .  In 70 mbl s a l t ,  Linda sees 
mostly beads and a small propor t ion  of f i b r o u s  m a t e r i a l  which look 
somewhat l i k e  t h e  Tubingen Figure 5a. There are o f t e n h e l i c a l c l u m p s  of 
about 200 8 but  they are never r egu la r  o r  d e f i n i t e  enough t o  b e l i e v e  t h a t  
t h e y  are d i s t i n c t  e n t i t i e s .  I n  F igure  5a of Tubingen, they tend t o  
see f i b r e s  on ly ,  bu t  t h i s  could be because t h e  material has  come o f f  
a sucrose g r a d i e n t .  On t h e  general  queStion of knobbly f i b r e s ,  t h e  
f a c t  is t h a t  we have seen these f o r  many years  s i n c e  t h e  so lenoids  a r e  
o f t e n  i r r e g u l a r  enough t o  g ive  t h i s  appearance, and it may amuse you t o  
know t h a t  I coined t h e  word "superbeads" about a year  ago when 
we were cons ider ing  whe the r  these w e r e  r e g u l a r  enough. 1 
where t h e y  look c o n s i s t e n t  enough is indeed i n  meta a se  chromosomes of 1 

T h e r e  is  no doubt t h a t  t h e  f i b re  wid th  i s  about 300 but  t h e  ' 
f i b r e s  a r e  so convoluted i n  p l aces  that  t h e y  g ive  t h e  appearance of 
producing l i t t l e  bubbles and, a s  John w i l l  t e l l  you, w e  d i d  cons ider  
a superbead model f o r  t h i s ,  b u t  without any physico-chemical o r  biochemical 
evidence,  one would not  pu t  t h i s  forward. 

t u %  
$4 we d o n ' t  see d i s t i n c t  beads. 

' 

The only p l ace  

Aspergi l luswhich were prepared by Ron Morris and4 W P @  o n looked a t .  i 
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I a m  sorry I s h a l l  m i s s  the  meeting, but i t  turns o u t  that  I could, 
not have come in any case  as my elde8,t son has developed glandular 
fever  and has been going through a bad patch. 
from you v i a  John, Len and Jean, and s e e i n g  you i n  Aarhus. 

I look forward to hearing 

Yours ever ,  

A.  Klug 

E m s .  

P 


